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Pol, Michael V., M.S., December 1993 Wildlife Biology
Ecology of Juvenile Yellow Perch in Lolo Bay, Flathead Lake, Montana (73 pp.) 
Director: Jack A. Stanford
Increased abundance of juvenile yellow perch in Lolo Bay, Flathead Lake, 
Montana was examined in 1991-92, and food habits were determined to 
quantify the effects of yellow perch predation on the littoral food web.
No evidence of reproduction was found during shoreline surveys in Lolo 
Bay. No adults were observed during SCUBA dives, or captured by trawling, 
in gillnets, or in Fyke nets. Recruitment of juveniles appeared to be very low 
due to predation and high overwinter mortality due to poor growth. An 
external source for the expansion of yellow perch could not be determined.
Juvenile yellow perch used the epilimnion as a thermal refuge from 
piscivores. Following thermocline breakdown, abundance of yellow perch 
decreased to near zero, partly due to predation.
Two species of zooplankton, the calanoid copepod Leptodiaptomus ashlandi 
and the cladoceran Daphnia thorata, made up over 90% of yellow perch 
stomach contents. Total zooplankton density and density of D. thorata 
appeared unaffected by predation. Some evidence indicated that predation by 
yellow perch decreased densities of L. ashlandi.
Larger fish within each sampling date consumed more D, thorata and less L. 
ashlandi than smaller fish. Diet choice may be linked to fish size. All sizes of 
fish were found to prefer any prey item larger than 0.8 mm, regardless of 
species. Diets of all fish tended to become more diverse as fish grew larger.
Two electivity indices, Chesson's alpha and Strauss's linear index, were 
found not to be interchangeable. The Strauss index was more suitable for 
analysis of fish stomach contents.
The disappearance of this population from Lolo Bay in 1992 after four years 
of high abundance, and its reappearance in 1993, indicated the continuing 
unpredictability of the food web of Flathead Lake.
11
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INTRODUCTION
Yellow  perch Perea flavescens M itc h ill were intentionally introduced 
into Flathead Lake, Montana early in the twentieth century (Hanzel 1969). 
Perea flaveseens flourished in Poison Bay, a shallow (mean depth 4.6 m ) basin 
of Flathead Lake, supporting a year-round fishery (Graham and Fredenburg 
1982, DosSantos et al. 1983, Darling et al. 1984, Vashro et al. 1989). Yellow  
perch were rare elsewhere in  the lake, making up two percent of gillnet 
catches during lake surveys (Leathe and Graham 1982). Poison Bay is warmer 
and more productive than the main lake basin and provides more typical 
yellow  perch habitat (Cross and W aite 1988).
M ysis relicta Lovén, the opossum shrimp, arrived in  Flathead Lake in 
1981; consequent changes in the food web of Flathead Lake and nearby 
terrestrial ecosystems were reported by Spencer et al. (1991). Aquatic impacts 
included the loss of a substantial (>105 fis h /y r) kokanee Oneorhynchus nerka 
fishery (Beattie et al. 1990, Beattie and Clancey 1991) and declines in mean 
annual abundance of cladocerans from 2.8 to 0.35 ind iv iduals /L  (Spencer et al. 
1991). M ean size of lake trout Salvelinus namayeush decreased, and trophy 
sized lake trout greater than 18 kg also declined or disappeared (Spencer et al. 
1991, Hanzel et al. 1990). In  addition to these changes, Tohtz (1990) observed 
increased piscivory of small fish (<70 m m ) including young-of-the-year (YOY) 
yellow  perch by lake whitefish Coregonus elupeaformis .
Juvenile yellow perch began appearing yearly in the main basin of 
Flathead Lake in 1987 (Stanford and Hauer 1991). Sporadic observations of 
larval or juvenile yellow perch in the main lake basin in previous years were
1
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reported anecdotally, but juveniles were present yearly from late July to late 
fall from  1987 to 1992. The reason for this increased abundance, and its source, 
are unknow n but probably linked to the arrival of M . relicta.
Mysis relicta density peaked in Flathead Lake in 1986 and declined 
afterward; kokanee abundance declined to near zero in 1987. Following these 
declines, additional changes in the lake's zooplankton community were 
observed. Tw o cladoceran species, Leptodora kindti and Daphnia longiremis, 
reappeared (Spencer et al. 1991), and onshore/offshore differences in the 
zooplankton community appeared (Spencer 1991). The reappearance of the 
cladocerans can be explained by a reduction in grazing pressure by mysids; 
Spencer (1991) theorized that the onshore/ offshore differences were due to 
reduced mysid grazing in pelagic areas and increased numbers of juvenile 
yellow  perch in littoral areas. Similar onshore/offshore differences in 
zooplankton density were observed in Lake Michigan following yellow perch 
expansion (Evans 1985, Scavia et al. 1986).
The objectives of this study were to explain the new abundance of 
juvenile yellow  perch and to measure the effect of juvenile yellow perch 
predation on the littoral food web of Flathead Lake. Juvenile yellow perch can 
structure lacustrine food webs (M ills et al 1987a); expansion of yellow perch in 
Flathead Lake could further alter the food web. Understanding this new  
aspect of the post-Mysis relicta food web in Flathead Lake provides more 
complete inform ation for future management decisions. These objectives 
also provide an opportunity to describe the ecology of juvenile yellow perch 
outside of its range and in apparently unsuitable habitat.
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STUDY SITE
Flathead Lake is a large (mean depth = 50.2 m; surface = 496 km2), 
oligotrophlc lake of glacial origin, overlapping Flathead and Lake Counties in 
northwestern Montana (Stanford et al. 1983, Stanford and Ellis 1988). Lolo Bay 
is a small embayment of Flathead Lake, west of Yellow Bay, whose shoreline 
extends approximately 1.3 km  from Lolo Point to the southern tip of Cape 
M ontana (Anonymous 1976). Lolo Bay was chosen as the study area for 
several reasons: most of the shoreline is contiguous w ith  the Flathead Lake 
Biological Station (FLBS); juvenile yellow perch have been observed there 
since 1987; and the vegetation and substrate of this bay are similar to the 
entire east shore of Flathead Lake.
Vegetation consists almost exclusively of periphyton and patches of the 
macrophytic alga Chara. Gravels and cobbles dominate the onshore substrata, 
grading into larger rocks and boulders further offshore. Outside this zone, 
sand and m ud predominate, w ith  patches of gravel. The slope of the bottom  
is steep at the southern end of the bay, but becomes increasingly gentle 
northward. The northern section is a relatively flat, sandy shoal (10 - 15 m  
deep) w ith  patches of Chara.
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METHODS
Inform ation on distribution and abundance of juvenile and adult 
yellow  perch in and near Lolo Bay was acquired using; visual surveys by boat 
and on foot; snorkel and SCUBA transects; gillnetting; trawling; and seining. 
Shoreline surveys of Lolo and Yellow Bays between A p ril and July 1991 and 
1992 were used to look for evidence of spawning. After juveniles migrated 
onshore, surveys were continued to assess relative abundance and activity 
patterns.
Snorkelling and SCUBA dives were employed to observe behavior and 
relative abundances of juveniles and adults. Five daylight and five nighttime 
dives were conducted at approximately monthly intervals between 5 August 
and 3 Novem ber 1991. Between 25 January and 24 September 1992, 23 daylight 
and 3 nighttime dives and weekly snorkel surveys were performed. Daylight 
transects were conducted parallel to the shoreline at varied distances and 
depths. D uring nighttime dives, two divers swam parallel transects along the 
lake bottom perpendicular to the shoreline to a depth of 15-19 m. Numbers of 
yellow  perch and other species, substrate, and vegetation were recorded in 
situ  on underwater slates.
Experimental variable mesh gillnets (mesh range: 3.1 to 12.7 cm) were 
set on 3, 16 July, and 7 November in 1991 to sample adult and juvenile yellow  
perch and yellow perch predators. A  3.1 cm mesh gillnet was used to sample 
juveniles off Lolo Bay on three dates: 6 February, 25, 26 March 1992. Adult 
yellow  perch abundance in Lolo Bay was measured w ith a Fyke net (1.83 m2
4
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opening) set in  Lolo Bay between 11 June and 16 October 1991. A  Johnson 
lïüdwater trawl (opening 7 x 3 m) was also used on 9, 30 August, and 26 
October 1992 to collect juveniles and adults. Juveniles were collected w ith a 
beach seine on six dates in 1991, and on 24 September 1992.
Inform ation on possible sources for the lakewide increase in yellow  
perch abundance was collected through visual surveys of sloughs of the 
upper Flathead River on 23 and 29 A pril 1991, and shoreline surveys 
(including snorkel surveys) of areas from Poison to Lolo Bays on 2 June, 24 
July, and 10 August 1992.
Size data and food habits of juvenile yellow perch were established 
w ith  seine hauls from Lolo Bay at approximately two week intervals on six 
dates between 10 August 1991 and 11 October 1991. Yellow perch typically feed 
at dawn and dusk (Craig 1987, Treasurer 1990); hauls were made before full 
dark, but after sunset. A ll netted fish were measured (total length ±  0.5 mm), 
weighed w et (± 0.01 g) to estimate growth, and preserved in 95% ethanol. 
Length-weight relationships were based on the model; log weight = log a + b 
log length (Bagenal and Tesch 1978). Results from individual sampling dates 
were tested w ith analysis of covariance to determine if data could be pooled 
across sampling dates (Le Cren 1951).
Stomachs to be analyzed were removed from fish subsampled 
randomly, stratified by size. A ll prey items found anterior to the pyloric caecae 
were identified and enumerated at 50x. Especially fu ll (>300 items) stomachs 
were subsampled. Lengths of undamaged prey items were measured w ith an 
ocular micrometer. Copepods were measured from the anterior tip of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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céphalothorax to the posterior end of the caudal rami. Cladocerans were 
measured from  the tip of the head capsule to the base of the tail spine.
Zooplankton samples were collected to determine the availability of 
prey and to estimate the impact of yellow perch predation on the zooplankton 
community. A  Wisconsin net (64 pm mesh, 0.3 m diameter) w ith  a 64 pm  
mesh bucket was hauled vertically through the water column at 
approximately 0.5 m /s . Two replicates were collected at each of two sites: an 
offshore, unpredated site; and an onshore, predated location. In  1991, samples 
were collected from 10 m  site in Lolo Bay, approximately 50 m offshore, and 
compared to samples collected from  the upper 10 m at M idlake Deep, an FLBS 
site approximately 4.5 km SW of Lolo Bay. In  1992, samples were collected at 
tw o locations in Lolo Bay: a 5 m site, approximately 20 m offshore; and a 30 m 
site, approximately 200 m offshore. The offshore site was shifted from  
M idlake Deep to Lolo Bay in 1992 to more accurately describe the unpredated 
onshore zooplankton population, but the site remained outside the range of 
juvenile yellow  perch. The onshore site was moved closer to shore in 1992 to 
ensure the influence of predation. Samples were collected approximately 
m onthly in 1991 and biweekly in 1992, starting in A pril and ending after 
thermocline breakdown in November. Samples at offshore sites were 
collected from above and below the thermocline. Thermocline depth was 
determined through water temperature profiles, measured with a Hydrolab  
Surveyor I I  when zooplankton samples were collected.
Tow  contents were preserved in 75% ethanol. Contents of at least two 
subsamples from  each sample were identified using Pennak (1989) 
(corroborated by N . Aspinwall, Univ. of Missouri (pers. comm.)) and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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enumerated at 40x; a m inim um  goal of 100 individuals of the most common 
prey item was established. Lengths of at least 100 individuals of each prey 
species (examined for 1991) were measured.
Food and length preferences were calculated w ith  Strauss's linear index 
(Strauss 1979), in the form:
U  = ri - pi
where ri is the proportion of the ith prey taxon or size category found in a fish 
stomach and pi is the proportion of the ith prey taxon or size category found 
in  zooplankton samples.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
RESULTS A N D  DISCUSSION
Relative abundance of young-of-the-year (YOY) yellow perch in Lolo 
Bay was high in 1991, and near zero in 1992. Juveniles were observed in Lolo 
Bay from  29 July to 19 October 1991 (Fig. 1 ). Growth rates were not constant 
across the year (F-test for similarity of y-intercepts = 56.2; df = 1, 394; p <0.0001). 
M edian  size of this cohort increased from 10 August to 9 September (Table 1), 
and remained the same or decreased afterward, a typical growth pattern for 
juvenile yellow  perch (Thorpe 1977). Median length at the end of the season 
(56.5 m m ) was at the lower end of reported ranges (-40-100 mm) (Thorpe 
1977).
Vertical distributions of yellow perch were influenced by temperature 
dynamics of Lolo Bay; the epilimnion acted as a thermal refuge from  
predation. Thermal stratification was observed between late M ay and late 
October 1991 (Fig. 2). During SCUBA dives, yellow perch were observed in 
high abundance in the epilimnion. SCUBA observations and gillnet sets 
determ ined that piscivores (S. namayeush and C. elupeaformis) were 
restricted to the hypolimnion, confirming results of bioacoustic surveys 
(Braband et al. 1991). Following thermocline breakdown, abundance of 
juvenile yellow  perch declined to near zero and juvenile yellow perch were 
found in  predator stomachs. Also, juveniles and lake trout were observed 
during SCUBA dives at the same depths; yellow perch "hid" in clumps of 
Chara. The epilim nion provided suitable habitat for juvenile yellow perch to 
flourish, but only temporarily.
8
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Chara. The epilim nion provided suitable habitat for juvenile yellow perch to 
flourish, but only temporarily.
N o  reproduction and little or no recruitment occurred in Lolo Bay. No  
evidence of spawning was observed during shoreline surveys of Lolo Bay and 
Yellow  Bay in  1991 or 1992. N o adults were captured in 110 h of Fyke net effort 
in  gillnets, or during trawling. N o adults were observed in SCUBA dives or 
snorkel transects.
The absence of adults or evidence of reproduction m ay be linked to 
very low  levels of recruitment due to high mortality. The disappearance of 
abundant juveniles after lake turnover in 1991 was presumably due to 
predation. In  addition, the small size of these fish increased their 
vulnerability to both predation and overwinter mortality (Post and Evans 
1989). The absence of reproduction indicated that the source for the expansion 
of yellow  perch was outside the main basin of the lake.
Tw o sources for this population seemed logical: Poison Bay, and 
sloughs of the upper Flathead River (L. Hanzel, Mont. Dep. Fish, W ildl. and 
Parks, pers. comm ). The sloughs of the upper Flathead River appeared to 
provide habitat for yellow perch reproduction. However, surveys of sloughs 
in A p ril of 1991 did not uncover any spawning activity.
Lake trout predation on yellow perch increased in Poison Bay in 1992 (J. 
DosSantos, Confederated Salish and Kootenai Tribes (CSKT), pers. comm.); 
abundance of juvenile yellow perch was low  in Lolo Bay in 1992. If  yellow  
perch radiated from Poison Bay into the rest of the lake, increased predation 
and decreased reproduction might have led to the disappearance of the Lolo 
Bay population. I f  Poison Bay is the source for yellow perch in the main basin.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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abundance of yellow perch in Lolo Bay can indicate fluctuations in the food 
web in Poison Bay.
One hundred and six yellow perch stomachs were examined to identify 
feeding habits. N ine stomachs were empty. The calanoid copepod 
Leptodiaptomus ashlandi Marsh and the cladoceran Daphnia thorata Forbes 
were found in 90% of all fish. W ith in  sampling dates, 83-100% of all fish 
stomachs contained L. ashlandi at high levels (>10% of total numbers); 13- 
93% of all fish consumed D. thorata at high levels (Table 2). (Separate 
presence/ absence tables for each sampling date are found in Appendix C). 
These two species contributed >90% of the stomach contents in 84% of all fish 
(Figs. 3-5; Appendix C). Other species rarely accounted for more than ten 
percent of the contents of any individual fish stomach. Diacyclops 
bicuspidatus thomasi Forbes, a cyclopoid, and Epischura nevadensis Lillj., a 
large calanoid copepod, were observed frequently but at low densities. Other 
cladocerans included Bosmina longirostris (O .F.M .) and Leptodora kindti 
(Focke). N aup lii and rotifers, the two most abundant items in zooplankton 
samples, were nearly absent from fish stomachs, despite frequently 
constituting over 30% of total zooplankton density. Yellow perch may have 
overlooked these items due poor visual acuity (O'Brien 1979, M iller et al. 
1993), or ignored them as energetically worthless.
The low  abundance of juvenile yellow perch in 1992 permitted the 
comparison of onshore/offshore densities in the presence and absence of 
yellow  perch predation. Total zooplankton density at the onshore and 
offshore locations in 1991 or 1992 was not significantly different (Appendix C). 
Significant differences in densities at the two sites in late July 1991 coincided
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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w ith  in itia l observations of juveniles. However, similar onshore/offshore 
differences were also observed from August to November 1992, in the absence 
of large numbers of juvenile yellow perch. Relocation of the sampling sites 
did  not appear to affect densities. Densities of zooplankton at M idlake Deep in 
1992 m irrored densities at the offshore Lolo Bay site.
Densities of the two most common prey species L. ashlandi and 
D. thorata were assessed separately for the effects of yellow perch predation 
(Figs. 6 and 8 (1991) and 7 and 9 (1992)). In  1991, onshore densities of L. 
ashlandi declined following the arrival of juvenile yellow perch, and did not 
differ from  offshore densities afterward. A  similar onshore decline occurred 
in 1992, but afterward, onshore copepod densities remained significantly 
higher than offshore densities, suggesting that yellow perch may have 
depressed onshore densities in 1991. Comparison of onshore and offshore 
densities of D . thorata in 1991 and 1992 did not show evidence of predation.
These results provided some evidence that juvenile yellow perch did 
not significantly decrease total zooplankton density or the density of D. 
thorata. The higher onshore density of L. ashlandi in 1992, compared to 1991, 
provided some evidence, although inconclusive, that copepod densities were 
affected by yellow perch predation.
Preferences for the two most common prey species, I .  ashlandi and 
D. thorata, calculated using the Strauss linear index, are presented graphically 
for three of the six sampling dates (Figs. 3-5; for other dates, see Appendix C). 
(Points above the line labelled "percent available," marking the percent of the 
prey item in the environment, indicate selection for that prey item.) Overall, 
67% of all fish preferred L. ashlandi. Yellow perch that d id  not select this
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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copepod tended to be the larger fish on a given sampling date. W ithin  
samples, magnitude of selection decreased w ith  increasing size. Daphnia  
thorata was consumed preferentially by 54% of fish (Figs. 3-5). Preference for 
daphnids by YO Y yellow perch is common (e.g. Keast 1977). Individual fish in  
this study that did not prefer daphnids tended to be in the lower 50th 
percentile for that sampling date, the opposite pattern observed for L. 
ashlandi. M agnitude of selection for D. thorata increased as fish size 
increased. The final sampling date, 11 October, contradicted preferences for 
D. thorata (Fig. 5). Fifteen of sixteen fish examined on this date did not select 
D . thorata., although its density was relatively high (2 .08 /L ) at this time. A  
shift of feeding targets may require time for adjustment (Marcotte and 
Browm an 1986); although research has indicated that YO Y yellow perch 
readily shift to novel prey (M ills et al. 1987b).
Stomach analysis and calculation of preference values suggested that 
the am ount of L. ashlandi decreased and the amount of D. thorata increased 
w ith  increasing fish size w ithin sampling dates. Linear regressions were 
calculated to test the suggested pattern (Hq: slope # 0). Slopes of the linear 
regressions of fish length v. percent composition of the two common prey 
species (Figs. 3-5, also Appendix C), and fish length v. number of each of these 
prey items (Appendix C) were tested for significance using Student's t-test. 
Since these two species often contributed -100%  of stomach contents, the 
regressions are not completely independent. Two-tailed tests were used 
because testing occurred a posteriori. Test results verified these trends, 
although not in all cases, and r^ values were low  (Appendix C). Larger fish
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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w ith in  a given sampling date tended to consume more D. thorata and fewer 
L. ashlandi than the smaller fish on that same sampling date.
These results appeared to indicate that diet choice of juvenile yellow  
perch changed as they grew; i.e., fish size was a determinant of diet choice. To 
test this hypothesis, contents of all stomachs were pooled across all samples. 
N o  significant relationship between fish size and diet could be demonstrated. 
That is, the pattern of difference in diet choice only applied within each 
sampling date. These results indicated that diet choice might instead be a 
determ inant of size: juveniles that consumed daphnids may have grown  
larger because daphnids provided the greatest reward rate (Confer et al. 1989) 
and were easier to capture (Drenner et al. 1978). Rapid growth through 
consumption of daphnids may be an optimal strategy because yellow perch 
that rap id ly  grow large are vulnerable for shorter periods of time to piscivores 
and have higher overwinter survival rates (Post 1983).
I d id  not determine how or w hy smaller yellow perch did not consume 
more D. thorata. N o  obvious constraint was observed; the smaller fish were 
neither gape lim ited nor too slow to catch the larger daphnids. No evidence 
of active exclusion by larger fish was observed, and predation rates by larger 
fish were not high enough to eliminate daphnids from available prey items. 
Other researchers have observed a divergence of yellow perch cohorts into 
fast and slow growing groups w ith in  the same cohort (Thorpe 1977), although 
no explanation has been offered for this phenomena. Laboratory feeding 
trials, using an assortment of prey types and fish sizes, combined w ith  
nonlethal stomach analysis, could indicate whether large fish start out and 
continue to be the largest fish throughout development, or whether large size
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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is a tem porary advantage. In  addition, microanalysis of scales or otoliths 
should show daily growth increments, allowing the consistency of growth in 
fish to determine whether the larger fish stay larger during cohort growth.
Larger fish w ithin sampling dates consumed, and showed a greater 
preference for D. thorata than smaller fish. In  addition, diets of these fish 
were more diverse. Eighteen of 106 fish consumed prey other than L. ashlandi 
and D. thorata at levels above ten percent. These fish were among the larger 
individuals on any sampling date; only two were in the lower 30th percentile 
of total length. W hen the first and last sampling dates were compared by 
species presence, the diets of older, larger fish were more varied, even though 
zooplankton diversity decreased through a decline in density of daphnids. 
These patterns suggested that a size threshold influenced diet choice on the 
overall population. Some studies have found a diet shift when yellow perch 
reach approximately 60 mm, from zooplanktivory to more diverse, benthic 
foraging (Keast 1977), although some studies contradict these findings (e.g. 
Hansen and W ahl 1981, Thorpe 1977).
Some results from this project varied from other yellow perch studies. 
The strong concentration on, and preference for, the copepod L. ashlandi is 
unusual. Other studies have found more diverse diets (e.g. Arts and Sprules 
1989) or a narrower focus on cladocerans (e.g. Keast 1977). Parrish and Margraf 
(1991) d id find preference for copepods in experimental feeding trials w ith  
yellow  perch, but their data analysis is suspect (Appendix A). The relationship 
between fish size and diet composition w ithin sampling dates was also 
unusual. D iet changes associated w ith  seasonal growth have been observed 
(e.g. Hansen and Wahl 1981), but differences w ith in  dates have not been
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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established elsewhere. Some growth studies have determined that YO Y  
yellow  perch can divide into subcohorts that grow at different rates, or occupy 
different habitats (Thorpe 1977), but the mechanism or motivation for this 
segregation in unknown. The unusual nature of these feeding patterns of 
juvenile yellow  perch may be related to the unsuitability of Flathead Lake for 
yellow  perch.
The absence of juvenile yellow perch from the main basin of Flathead 
Lake in 1992 after five consecutive years of high abundance, and the 
reappearance of juveniles in Lolo Bay in 1993 (pers. obs.), indicated that the 
food web of Flathead Lake remains dynamic. The impact of the arrival of 
M ysis  relicta, despite the reduction and stabilization of shrimp densities, 
continues to reverberate throughout the food web. Investigation of the 
cascading effects of this non-native species should continue as a dramatic 
example of the connectivity of aquatic ecosystems. Careful monitoring of 
changes in trophic interactions is also essential for informed management.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CO NC LU SIO NS
1. Juvenile yellow  perch remained in the epilimnion, which acted as a 
tem porary thermal refuge from predation. After lake turnover, relative 
abundance of juveniles declined to near zero, at least partly due to predation.
2. N o  reproduction or recruitment of yellow perch was observed in or 
near Lolo Bay. The disappearance of yellow perch in 1992 may be linked to an 
increase in  predation on yellow perch in Poison Bay. This linkage provided 
evidence that Poison Bay is the source for lakewide yellow perch expansion.
3. Over 90% of juvenile yellow perch fed on, and a majority preferred, 
tw o species of zooplankton, Leptodiaptomus ashlandi and Daphnia thorata. 
Young-of-the-year yellow perch may have decreased onshore densities of L. 
ashlandi in  Lolo Bay in 1991. No impact was apparent on total zooplankton 
densities, or on densities of D. thorata.
4. Larger yellow perch w ithin each sampling date consumed more D. 
thorata and fewer L. ashlandi than smaller fish. Diversity of diet tended to 
increase w ith  increasing fish size.
16
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Figure 1: Length-frequency histograms of yellow perch for all seine hauls in 1991. Distances between 
histograms reflect time between samples.
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Table 1: Comparison of size, numbers, and growth rates of juvenile yellow perch 
captured in beach seines. Slope and y-intercept were calculated by fitting log-
Sampling date
10-Aug 22-Aug 31-Aug 9-Sep 25-Sep 11-Oct
M edian total length 37.5 46.5 54.5 62 61.5 56.5
Number 526 47 130 159 20 82
Specific growth rate (nun /d) 3.57 3.54 3.62 3.86 3.77
Specific growth rate (g /d ) 0.63 0.72 0.41
Relative growth rate (m m /d ) 0.022 0.012 0.010 0.003 -0.005
Relative growth rate (g /d ) 0.030 0.005 -0.016
y-intercept (x 10*6) 8.5 11.0 0.97 3.55
Slope 3.04 2.96 3.55 3.03
Table 2: Percentage of fish stomachs for each sampling date that contained the indicated 
prey item at high levels (>10% of total numbers), t = present at low levels. No mark = not 
present.
Sampling date
10 August 22 August 31 August 9 Sept. 25 Sept. llO c to t
n =15 n = 23 n = 18 n = 14 n = 12 n = 15
PLey..spedes
L. ashlandi 0.93 0.83 0.83 0.93 0.83 1.00
D. thorata 0.93 0.47 0.78 0.64 0.58 0.13
E. nevadensis t 0.04 0.06 0.36 0.08 0.20
D. bicuspidatus t t 0.06 0.07 t 0.13
L. k ind ti t 0.06 t t
B. longirostris t t t t t t
D iptera t t t
O ther t t t 0.07 t t
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Figure 2: Temperature profiles measured at M idlake Deep in 1991, showing 
the development and breakdown of the thermocline.
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environment.
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Midlake Deep site (solid circles). Solid bars are ± 1 SD.
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A P P E N D IX  A: A  CO M PARISO N OF THE USEFULNESS 
OF TW O  PREFERENCE INDICES.
Electivity, selectivity, or preference indices are used to uncover valid  
patterns in  feeding behaviors w ith  the intention of determining the processes 
that lead to those patterns. Development since Ivlev (1961) of accurate or 
appropriate indices has resulted in a variety of approaches (e.g. M anly et al. 
1972, Vanderploeg and Scavia 1979a, 1979b, Pearre 1982, Rachlin et al. 1987). 
The debate about their relative value continues, but the Strauss (1979) index, 
or variations of this index (Confer et al. 1989), is commonly used and 
recommended for fisheries analysis (Bowen 1989, Crowder 1990). N ot 
everyone agrees that this index is best: Pearre (1982) pointed out the difficulty 
of calculating significance values w ith  the Strauss index; Chesson (1983) 
criticized the Strauss index for its dependence on environmental prey 
densities, which precludes comparisons between studies, and proposed an 
alternative index which has been used in some studies (e.g. Parrish and 
M argraf 1991).
The index Chesson suggested, and the Strauss index, both appeared to 
be appropriate to analysis of the stomach contents of fish, and I could not 
em pirically decide which index was "better." N o direct comparison has been 
reported. Setting aside analysis of the mathematical validity of either index, I 
sought to assess their sim ilarity and utility by calculating preference values 
using both indices employing the same data.
27
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METHODS
Juvenile yellow  perch and zooplankton samples were collected and
analyzed as described above.
Preference values were calculated using the Strauss and Chesson
indices. The formula for the Strauss index was reported above. Chesson’s
(1983) index calculates a vector of preference, a , the ratio of the amount of a
given food type in  the diet to the amount of that food type in the 
environment. Each element of the vector, ,is estimated by:
t j / n -
I m
;=i
I = l,...,m , where m is the total number of prey items in the stomach or 
environment. For this study, the quantities i j  and ny were used to represent
the proportion of the ith prey item in the stomach (r) and in the 
environment (n). The can be interpreted as the proportion of the diet
which would consist of type i if all food types were present in equal numbers 
in the environment. This form of Chesson's (1983) estimator applies to cases 
where food is not depleted, and thus availability and selection of prey are 
assumed to be constant.
28
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RESULTS A N D  DISCUSSION
Results from six sampling dates are presented (Tables 3-8, Figs. 10-12); 
discussion w ill focus on results from 8 August 1991. The feeding patterns 
determined by the two indices were not the same. Strauss results indicated 
preference for Leptodiaptomus ashlandi and Daphnia thorata. Eleven of 15 
fish preferred L. ashlandi, and 13 of 15 preferred D. thorata. In  15 of 15 fish, the 
highest preference was for one of these two prey items. As fish size increased, 
preference for L. ashlandi decreased and preference for D. thorata increased. 
Results from  the Chesson index were somewhat different; L. ashlandi or D. 
thorata were most preferred (had the highest alpha value) for eight of 15 fish 
selected. Rare or low  density organisms were most preferred in 7 of 15 fish.
N o  preference pattern was apparent. Increasing fish size did not influence 
selection.
Both Strauss and Chesson indices were employed to examine juvenile 
yellow  perch preference for different lengths of the individual prey species 
(Strauss: Figs. 10 and 11; for clarity, these figures depict two views of the same 
graph. Chesson: Fig. 12). The preferences for sizes of L. ashlandi appeared to 
differ strongly between indices. The Strauss index indicated a preference for 
the 0.8 m m  size category across the season, while no clear pattern emerged 
from  the Chesson index. The opposite pattern appeared in the graphs 
describing size preference in D. thorata: as fish size increased, the Chesson 
index indicated that the maximally preferred size category also increased. 
Strauss values for individual sizes of D. thorata followed no apparent trend.
29
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These differences between preference values appeared to depend on 
several characteristics of the two indices. The two indices behaved differently 
based on their sensitivity to rare prey items found in stomachs. Chesson 
index values were high for rare prey items. The Chesson value for an "other" 
prey item, consumed by a 35 mm fish, was 0.98, compared to the Strauss value 
of 0.05 (Table 3). Since the Chesson values for each prey item are 
mathematically interdependent on the other prey items, consumption of a 
rare prey item  decreased the values for the other consumed species. 
Recalculation of Chesson values w ith  rare items excluded might result in 
greater sim ilarity to Strauss values, but results in a loss of information and 
accuracy. The Strauss index also indicated positive selection for rare items, but 
since the environmental density was low, so was the magnitude of selection.
The difference in patterns detected between the two indices was also 
based on their sensitivity to prey densities in the surrounding environment. 
For example, one of the 34 mm fish (Table 3) consumed only D. thorata. The 
Chesson value for D. thorata was 1.0; the Strauss value was 0.89. When a fish 
concentrates on only one prey species, the Chesson value is 1.0, regardless of 
the density of that item. The Strauss value changes w ith  changes in prey 
density; the Strauss value only becomes 1.0 when a stomach only contains an 
item not collected in environment samples. Chesson (1983) felt that the 
sensitivity of the Strauss index to prey density suggested changes in behavior 
when only food densities changed, and thus precluded comparisons between 
species. Strauss (1979) criticized the Chesson values for insensitivity to 
densities, since the index treated rare and common prey items similarly.
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The 34 m m  fish also demonstrates a third difference between the 
indices, also based on sensitivity to prey density. The Strauss index indicated 
strong avoidance (-0.53) of L. ashlandi, but the Chesson index was zero. A ll 
non-consumed prey items are valued at zero by the Chesson index; the 
Strauss index calculates a measure of "avoidance" which is dependent on the 
prey density. The magnitude of avoidance discriminates between a fish that 
does not consume an abundant prey item and a fish that does not consume a 
rare prey item.
The indices not only differed in the values they returned, they differed 
in  ease of use. Consumed items whose density in the environment is below  
detection (i.e. near zero) cause difficulties in analysis. I f  an item found in a 
fish stomach is not found in samples from the environment, the Chesson 
index becomes undefined because the density (ny), the denominator of the 
denominator, is zero. (The index is unaffected when an available prey item is 
absent from  a fish stomach). This difficulty was overcome in this study by 
calculating a m inim um  detection lim it for the method of zooplankton 
analysis. For species preferences, this detection lim it was a function of the 
total volume sampled (tow depth), the sample volume from which 
subsamples were removed, and the number of subsamples examined. For size 
preferences, a value of 0 .5 /N  (less than one/total number measured) was 
inserted as an estimate of the detection lim it. Calculation of these limits 
enabled the insertion of best estimate values for prey categories not found in 
zooplankton samples. Since the Chesson preference values for each 
ind iv idual fish sum to one, the accuracy of these estimates influenced the 
other values. W hen the available prey density is below detection limits, the
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Strauss preference value can be refined by subtracting the detection lim it from  
the proportion of the fish diet made up of that item. Since detection limits 
should be close to zero, their influence is small, and they do not affect values 
for other prey items.
The ease of interpretation of the preference values is another practical 
consideration. The Strauss index has been w idely used, and the values it 
reports seem intuitively clear. It  has great flexibility, and has been used in  
m any situations to determine when a resource is used at a greater proportion 
than m ight be expected by random chance (e.g. Heinemeyer 1993). The 
interpretation of the Chesson index is slightly different, ranking the available 
prey items in relation to each other. Chesson (1983) defined this ranking as 
the intu itive definition of preference. However, this definition may not be 
intu itive to others. Parrish and M argraf (1991) misused the Chesson index, 
subtracting the available prey density from the values it returned. In effect, 
they attempted to make the index sensitive to density which it is not. Their 
results indicated preference for copepods by juvenile yellow perch which is 
highly unusual. That this misinterpretation was not apparent to the 
researchers or editors involved indicates the non-intuitive nature of this 
index.
Overall, these two indices differed in many ways; weighting of rare 
prey items; sensitivity to prey density; and reaction to non-consumed prey. 
These factors all explain w hy different feeding patterns were detected, 
reflecting the nature of the indices. The problem of low  prey densities and 
ease of interpretation are practical considerations, reflecting the utility of the 
indices. Taken together, these differences indicate that the two indices are not
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interchangeable. The Strauss index is well suited to description of stomach 
contents, as in this study, and analysis of trophic relationships. It  allowed 
inclusion of all prey items, w ithout heavily weighting rare items. Sensitivity 
to prey density and calculation of avoidance are necessary when constructing 
food webs. The Strauss index does not require calculation of detection limits, 
is flexible and familiar, and can be interpreted simply.
The Chesson index appeared to be more suited to studies were the prey 
assemblage is controlled, since many of the difficulties uncovered in this 
study were due to unusual items appearing in fish stomachs. Variations of 
the Chesson index can be used if  prey are depleted by predation, or when 
order of prey consumption is known. The lack of sensitivity to density 
changes and other associated difficulties make it inappropriate for description 
of fish stomach contents collected in the field.
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I Table 3: A comparison of Strauss and Chesson index values for prey items found in yellow perch sampled on 10 
August
■oa>
(/)(/)
8
CQ'
Strauss index values
Total length (mm)
34 M 35 26 36 37 2Z 38 38 22 41 42 43 45 47
Prev species
L. ashlandi 0.35 -0.53 0.30 0.13 0.40 0.04 0.28 0.35 0.19 0.17 0.15 0.16 -0.38 -0.08 -0.37
D. thorata 0.89 0.01 0.23 -0.04 0.31 0.06 0.01 0.17 0.17 0.21 0.20 0.74 0.44 0.73
E. nevadensis 0.00 0.01 0.00 0.00
D. bicuspidatus -0.01 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02
L. kindti
B. longirostris 0.00
Diptera 0.01 0.00
Other 0.05 0.02
Chesson index values
Total length (mm)
L  ashlandi 0.41 0.01 0.29 0.72 0.19 0.06 0.22 0.35 0.02 0.06 0.14 0.01 0.15 0.04
D. thorata 0.24 1.00 0.01 0.71 0.28 0.69 0.07 0.14 0.65 0.04 0.14 0.30 0.37 0.85 0.96
E. nevadensis 0.16 0.80 0.54 0.62
D. bicuspidatus 0.11 0.12 0.01 0.04 0.01
L. kindti
B. longirostris 0.24 0.12
Diptera 0.73 0.60
Other 0.98 0.78
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Table 4: A comparison of Strauss and Chesson index values for prey items found in yellow perch sampled on 22 August.
5)' Strauss index valuesw 
d3 Total length (mm)
Prev species 
L. ashlandi
iO
0.52
41
0.55
M
0.54
45
0.53
45
0.50
46
0.48
47
0.49
4Z
0.50
47
-0.45
47
0.40
48
0.05
M
0.11
48
-0.44
42
0.51
42
-0.45
SO
-0.29
50
-0.38
SI
-0.23 0.30
S4
0.53
54
-0.16
S4
0.55
56
-0.25
D. thorata -0.09 -0.09 -0.09 -0.07 -0.07 -0.06 -0.03 -0.05 0.90 0.05 0.37 0.33 0.89 -0.09 0.90 0.68 0.83 0.69 -0.03 -0.07 0.61 -0.09 0.70
E. nevadensis 0.00 0.01 0.19
D. bicuspidatus -0.07 -0.08 -0.08 -0.08 -0.08 -0.03 -0,08 -0.08 -0.08 -0.08 -0.08 -0.07 -0.08 -0.08 -0.08 -0.07 -0.08 -0.08 -0.08 -0.08 -0.08 -0.08 -0.08
L. kindti 0.01 0.02 0.00 0.01 0.04 0.01 0.00 0.00 0.01 0.00
B. longirostris
Diptera
Other
0.01
0.01
0.00 0.02
0.01 0.00
0.01
0.01
0.06
0.00 0.00
Chesson index values 
Total length (mm)
^  L. ashlandi 0.13 1.00 0.37 0.91 0.15 0.70 0.76 0.16 0.14 0.04 0.08 0.00 0.05 0.01 0.01 0.05 0.03 0.44 0.04 1.00 0.04
o D . thorata 0.09 0.02 O il 0.24 0.04 0.87 0.12 0.17 0.30 0.65 0.41 0.21 0.55 0.95 0.01 0.03 0.48 0.74
E. nevadensis 0.06 0.13 0.16 0.90 0.07
D. bicuspidatus 0.01 0.19 0.01 0.00 0.00 0.00
L. kind ti 0.81 0.54 0.20 0.35 0.95 0.44 0.03 0.52 0.36 0.15
B. longirostris 0.43 0.57 0.84 0.41 0.78
Diptera 0.03 0.12
■o Other 0.43 0.74 0.09 0.59
CD
■o
I
I Table 5: A comparison of Strauss and Chesson index values for prey items found in stomachs of yellow perch sampled on 31 August.
■o
CD Strauss index values
(/)CO
o'3
Total length (mm)
8
( O '
i
3.
3"
CD
CD■o
OQ.
O
3
■o
O
43 49 50 51 52 53 54 54 55 55 55 §5 56 58 59 60 63 66
Prev species 
L. ashlandi 0.40 0.48 0.33 -0.13 -0.26 0.28 0.28 0.31 0.19 0.50 -0.45 0.33 0.45 0.27 -0.45 -0.09 -0.30 -0.45
D. thorata 0.03 -0.05 0.10 0.59 0.62 0.15 0.14 -0.08 0.26 -0.06 0.91 0.13 -0.02 0.14 0.91 0.45 0.76 0.23
E. nevadensis 0.01 0.00 0.02 0.00 0.00 0.00 0.04 0.03 0.00 0.38
D. bicuspidatus -0.06 -0.04 -0.06 -0.08 -0.01 -0.06 -0,05 0.15 -0.08 -0.06 -0.08 -0.08 -0.05 -0.08 -0.08 -0.08 -0.08 -0.08
L. kindti 0.00 0.01 0.00 0.00 0.00 0.05 0.30
B. longirostris
Diptera
Other 0.00
0.00
0.02
Chesson index values
Total length (mm)
CD
Q .
3"O
5-
"8
CO
CO
o'
3
L. ashlandi 0.26 0.70 0.20 0.08 0.02 0.19 0.24 0.31 0.18 0.79 0.30 0.64 0.07 0.01 0.03
D. thorata 0.19 0.13 0.25 085 0.31 0.31 0.38 0.02 0.50 0.14 1.00 0.42 0.25 0.11 1.00 0.08 0.84 0.01
E. nevadensis 0.35 0.20 0.07 0.25 0.19 0.22 0.04 0.28 0.51 0.11 0.13 0.24
D. bicuspidatus 0.03 0.17 0.03 0.03 0.03 0.06 0.52 0.00 0.08 0.11
L  kindti 0.32 0.39 0.25 0.28 0.20 0.68 0.75
B. longirostris 0.04 0.11
Diptera 0.10 0.10
Other 0.16 0.15
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Table 6: A comparison of Strauss and Chesson index values for prey items found in stomachs of yellow perch 
sampled on 9 September.
CD
3
c/1w Strauss index values
§
2,
3=
Total length (mm)
CO
8 51 52 54 54 55 56 57 57 52 60 61 64 67 62
=. Prev species(O
S L. ashlandi 0.40 0.28 0.41 -0.43 0.40 -0.05 -0.32 0.33 -0.42 0.42 -0.19 -0.34 -0.47 -0.04
i D. thorata -0.08 0.01 -0.06 0.74 -0.08 0.27 0.08 -0.02 0.46 -0.07 0.32 0.66 0.63 0.113
CD E. nevadensis 0.02 0.05 -0.01 0.03 -0.01 0.11 0.56 0.03 0.01 -0.01 0.19 0.01 0.17 0.26
"n D. bicuspidatus -0.06 -0.06 -0.06 -0.06 -0.03 -0.05 -0.04 -0.06 0.10 -0.06 -0.03 -0.05 -0.05 -0.05
p.3" L  kindti 0.00
CD B. longirostris -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 -0.01 -0.01 -0.01 -0.01 -0.01
S
■o3 Diptera
Û.
c
a
Other 0.00 0,11 0.00 0.01
o'
3
■o3
Chesson index values
3 "
CT
1
Total length (mm)
s
g L. ashlandi 0.27 0.13 0.83 0.01 0.74 0.04 0 0.2 0 0.89 0.02 0.02 0 0.02
O
C D. thorata 0.02 0.09 0.17 0.49 0.06 0.17 0.02 0.11 0.05 0.11 0.12 0.4 0.21 0.05
■o
CD E. nevadensis 0.71 0.73 0.29 0.79 0.93 0.69 0.02 0.81 0.12 0.78 0.93
1.C/) D. bicuspidatus 0.2 0.01 0 0.02 0.01 0 0 0C/)
o ' L  kindti 0.21
3 B. longirostris 0.05 0.02
Diptera
Other 0.05 0.88 0.04 0.46
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Table 7; A comparison of Strauss and Chesson index values for prey items found in stomachs of yellow perch 
sampled on 25 September.
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CD
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3
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CD
CD
■o
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o3
■o
o
CDQ.
Oc
■o
CD
C/Î
C/)
Strauss index values
Total length (mm)
47 57 57 57 58 58 60 64 66 67 69 69 ZQ
Prev species
L. ashlandi -0.37 0.38 0.37 0.40 -0.09 -0.25 0.25 0.25 0.37 0.26 -0.35 -0.47 -0.53 -0.04 -0.52
D. thorata 0.73 -0.09 -0.03 -0.08 0.40 0.58 -0.05 0.07 -0.08 0.03 0.63 0.63 0.85 0.11 0.84
E. nevaàensis 0.05 -0.01 0.01 -0.01 0.00 0.13 0.01 0.03 0.17 0.26 0.01
D. bicuspidalus -0.02 -0.06 -0.06 -0.05 -0.03 -0.05 -0.04 -0.04 -0.01 -0.04 -0.05 -0.05 -0.05 -0.05
L  kindti 0.01 0.00 0.01 0.00 0.01
B. longirostris -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
Diptera
Other 0.00
Chesson index values
Total length (mm)
L. ashlandi 0.04 0.17 0.71 0.38 0.03 0.05 0.06 0.25 0.37 0.12 0.01 0 0.02 0 0
D. thorata 0.96 0 0.29 0.04 0.21 0.62 0.02 0.3 0.03 0.11 0.27 0.21 0.05 0.54 0.36
E. nevadensis 0.83 0.51 0.11 0.91 0.41 0.19 0.07 0.2 0.78 0.93 0.04 0.08
D. bicuspidatus 0.02 0.02 0.01 0.01 0.05 0.21 0.06 0.01 0 0 0.01 0
L  kindti 0.74 0.62 0.5 0.36 0.55
B. longirostris 0.05 0.19 0.02 0.04
Diptera
Other 0.22
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Table 8: A comparison of Strauss and Chesson index values for prey items found in stomachs of yellow perch sampled 
o n ll October.
C/)
C/) Strauss index values
Total length (mm)
8
( O '
CD"O
OQ.
C
a
o3
"O
o
CDQ.
■D
CD
C/)
C/)
Prev species 
L. ashlandi
D. thorata
E. nevadensis 
D. bicuspidatui 
L  kindti
B. longirostris
Diptera
Other
L. ashlandi
D. thorata
E. nevadensis 
D. bicuspidatui 
L. kindti
B. longirostris
Diptera
Other
50 50 51 53 53 54 56 56 57 58 58 52 èZ 64 65
0.48 0.45 0.29 0.38 0.44 0.46 0.45 0.50 0.29 0.44 0.32 0.52 0.50 -0.28 0.36
-0.15 -0.16 -0.12 -0.16 -0.16 -0.16 -0.14 -0.16 -0.05 -0.16 -0.15 -0.16 -0.16 0.28 -0.15
0.00 0.14 0.02 0.01 0.00 0.12 0.02 0.03 0.00 0.33 0.09
-0.04 -0.01 -0.02 0.04 0.01 -0.02 -0.04 -0.07 -0.07 -0.05 0.04 -0.06 -0.05 -0.05 -0.03
-0.01 -0.01 0.01 -0.01 0.00 -0.01 0.01 0.04 -0.01 -0.01 0.00 0.00
0.00 0.01 0.02 0.00 0.01
Chesson index values
Total length (mm)
0.79 0.18 0.01 0.06 0.18 0.24 0.51 0.14 0.01 0.04 0.03 0.97 0.29 0 0.01
0.03 0 0 0.04 0 0 0.01 0
0.67 0.97 0.82 0.71 0.57 0.98 0.52 0.75 0.68 0.99 0.89
0.19 0.08 0 0.05 0.11 0.09 0.12 0.01 0.03 0.03 0.03 0 0.01
0.06 0 0.07 0.1 0.33 0.05 0 0.05 0.11 0 0.01
0.01 0.81 0.39 0.07 0.08
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Figure 10: Strauss index values for sizes of L. ashlandi. Two 
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APPENDIX  B: D ISCUSSION O F SIZE PREFERENCES
M ills  et al. (1989) showed that juvenile yellow perch consumed, and 
grew optim ally, on average-sized daphnids. They ignored larger sizes of 
preferred prey species, despite their ability to catch and consume these larger 
prey, and despite higher caloric value per gram of prey weight in the larger 
species. I  examined size distributions of available and ingested prey for the 
two most common prey species of juvenile yellow perch found in this study, 
L. ashlandi and D. thorata, w ith  the intent of discerning whether these fish 
exhibited size selectivity of prey.
The modal size of available L. ashlandi increased from August to 
October 1991 from 0.5 to 0.8 m m , while the mode of ingested L. ashlandi 
varied from  0.7 to 0.8 m m  during this time (Fig. 13). This increase in prey size 
across the season may be linked to the higher biomass requirements of larger 
fish. During this time, the number of prey consumed did not change (95% Cl). 
Tests for equality of the variances of the length-frequency distributions of 
available and ingested L. ashlandi indicated significant differences (p < 0.05) 
between size distributions on four sampling dates (22, 31 August and 9, 25 
September). This difference indicated selection by prey size. The variances of 
the distributions on the first and last dates (10 August and 11 October) were 
not different.
The size distributions of available D. thorata (Fig. 14) appeared to 
illustrate cohort development, although cladoceran cohorts are unknown in 
Flathead Lake (D. Chess, FLBS, pers. comm ). The mode of available daphnids
43
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shifted from  1.0 to 1.9 mm, and then to 0.9 mm. The distribution of D . thorata 
for 9 October was omitted from the graph because daphnids were not 
consumed by yellow perch on 11 October, and too few daphnids appeared in 
zooplankton samples. The distribution of ingested daphnids followed a 
sim ilar alternating pattern (Fig. 14). Variances of ingested and available 
distributions of D. thorata were different on 10 August (F-test, p < 0.05), but 
were sim ilar on the last five dates. This pattern im plied that juvenile yellow  
perch consumed all daphnids, regardless of size.
The distributions of these two species were grouped together to assess 
the overall distributions of available and consumed prey. Summed sizes 
seemed strikingly similar. Most available prey items ranged from 0.4 to 0.9 
mm; the mode shifted from 0.6 to 0.8 mm (Fig. 15). Size distributions of 
ingested prey were very similar (Fig. 16), despite increases in fish size. The 
large m ajority of prey consumed ranged from 0.7 to 0.9 mm. Calculation of 
Strauss preference values for the summed distributions indicated that items 
larger than 0.7 m m  were preferred, regardless of species, which suggested that 
prey size was an important determinant of prey consumption (Fig. 17). Prey 
size has been found, in some studies, to be the critical criterion in prey choice 
(e.g. M ille r et al. 1993), but analysis of species preference in this study (see 
above) indicated that juvenile yellow perch discriminated between different 
species that were the same size.
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Figure 17: Strauss index values for lengths of all prey items found in yellow perch analysed, pooled for all 
sampling dates.
A P P E N D IX  C: A D D IT IO N A L  D A T A
This appendix contains supplementary data not included in the main  
body of the thesis. These additional data are: presence/absence tables for all six 
sampling dates (Tables 9-14); comparisons of fish size and percent of L. 
ashlandi and D. thorata for three additional sampling dates (Figs 18-20); total 
zooplankton densities at an offshore and an onshore site for 1991 (Fig. 21) and 
1992 (Fig. 22); comparisons of fish size and numbers of L. ashlandi and D. 
thorata for all six sampling dates (Figs. 23-28); length frequency histograms of 
redside shiners captured in seine hauls in 1991 (Fig. 29); catch data for species 
other than yellow  perch and redside shiners captured in seine hauls in 1991 
(Table 15).
50
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Table 9: Presence of prey items in stomachs of yellow perch captured on 10 August 1991. The * 
symbols indicate the occurrence of prey items at levels greater than ten percent of the total 
stomach contents, t = less than 10 percent, s = scales, n = nauplius. N o mark = not present.
Total length of fish (mm)
Prev species 34 34 35 3 6 3 6 3 7 3 2 ^ 3 8  39 4 1 ^ 4 3 4 5 4 7
L. ashlandi *
D . thorata
E. nevadensis t t  t t
D . bicuspidatus t t t t  t
L. k ind ti
B. longirostris t t
D ip te ra  t t
O th er S S, n
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CD Table 10: Presence of prey items in stomachs of yellow perch captured on 22 August 1991. The * symbols indicate the 
i .  occurrence of prey items at levels greater than ten percent of the total stomach contents, t = less than ten percent, s = scales,
|. a = amphipod.
C Û
CD"O
aO
■D
O
CD
Q .
■D
CD
C/)
C/)
Total length of fish (mm)
* * * * * *  
* *
Prev species 4 0 4 1 M 1 5 4 5 4 6 4 7 £ 4 7 4 7 4 8 ^  48 49 49 50 50 51 53 54 M 5 4 5 6
L. ashlandi * * * * * * * * *  * *  ̂ * * ^
D. thorata t t t t * t * * * * '  * * * t I
E. nevadensis t t t * t
D. bicuspidatus t t t t t t
L. kindtii t t i l t  t t t t t
^ B. longirostris t t t t
Diptera t
Q. Other S a, s s S
CD
■D
O
Q .
C
g
Q .
■D
CD
C/)C/î
O
Table 11: Presence of prey items in stomachs of yellow perch captured on 31 August 1991. The * 
o symbols indicate the occurrence of prey items at levels greater than ten percent of the total stomach
contents, t = less than ten percent, r = one rotifer. Blank spaces denote the absence of the prey item
<Q from the stomach.
0         I - ■ !  — I — —
g Total length of fish (mm)
4 3 4 9 5 0 M W 5 3 M  54 55 K 5 5 5 5 ^ 5 8 5 9 6 0 6 3 6 6  
* * * * # # » $  * * * * *
t t t t t t t t t t ♦
t t t t t t t
t t t t t *
t
■D
CD
(/)(/)
m
c
3 .
Prev species 3
3 "
CD L. ashlandi »
S
■D
D. thorata »
O
Q. E. nevadensis t
C
a D. bicuspidatus t
o
3 L  kindti
"O
o B. longirostris
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o; Diptera
CD
Q. Other r
a
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Table 12: Presence of prey items in stomachs of yellow perch captured on 9 September 1991. The 
symbols indicate the occurrence of prey items at levels greater than ten percent of the total 
stomach contents, t = less than ten percent, c = chydorid. Blank spaces indicate absence.
Total length of fish (mm)
Prev species 51 52 54 54 55 56 57 57 59 60 61 64 67 69
L. ashlandi » • • «■ » * * * » » * * t »
D . thorata t » t * t * «- t * t » » *
E. nevadensis t t t * * t t * t * »
D . bicuspidatus t t t * t t t t
L. k ind ti t
B. longirostris t t
D ip te ra
O th er c
Table 13: Presence of prey items in stomachs of yellow perch captured 
on 25 September 1991. The * symbols indicate the occurrence of prey 
items at levels greater than ten percent of the total stomach contents, t 
= less than ten percent, s = scales. Eight fish (TL = 59, 60, 60, 61, 61,61, 
64, 68 nun) had empty stomachs.
Prey species 
L. ashlandi
D. thorata
E. nevadensis 
D. bicuspidatus 
L. k indti
B. longirostris
D iptera
O ther
Total length of fish (nun)
53 57 57 57 58 58 60 64 64 66 69 70
t
*
*
*
t
t
*
»
t
t
*
»
t
t
t
t
»
*
t
t
t
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Table 14: Presence of prey items in stomachs of yellow perch captured on 11 October 
1991. The * symbols indicate occurrence of prey items at levels greater than ten 
percent of the total stomach contents, t = less than ten percent, e = ephippia, p = 
planorbid snail, s = scale. Blank spaces indicate absence. One empty stomach (TL =
I  58 mm) was observed.
o'3
g Total length of fish (mm)
CD
I 50 50 51 53 53 54 56 56 5 Z 5 8 5 8 5 9 « M 6 5
c5  Prey Species
3  I .  ashlandi » * » * * * * * » • * * » * »
I  D.  thorata t t t t * t * t
r  E. nevadensis t * t t t  * t t t * t
D.  bicuspidatus t t t * t t t t * t t t t
L. kindti
B. longirostris t t t  t t t t t  t t
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Figure 18; Percentage of L. ashlandi ( • )  and D. thorata (o) in 
stomachs of yellow perch collected on 22 August, with least-squares 
regression line. "Percent available" indicates proportion of that prey 
item in the environment.
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Figure 19: Percentage of L. ashlandi ( • )  and D. thorata (o) in 
stomachs of yellow perch collected on 9 September, with least- 
squares regression line. 'Tercent available" indicates proportion of 
that prey item in the environment.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
58
1 0 0  - r
I
g
8 60 --
5
B Percent available
°  40 -
Î
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Figure 20: Percentage of L. ashlandi ( • )  and D. thorata (o) in stomachs 
of yellow perch collected on 25 September, with least-squares 
regression line. "Percent available" indicates proportion of that prey 
item in the environment. X = empty stomachs.
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Midlake Deep site (solid circles). Solid bars are ± 1 SO.
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Figure 22: Total zooplankton densities for 1992 at a 5 m Lolo Bay site (open squares) and a 30 m Lolo Bay 
site (solid circles). Solid bars are ± 1 SD.
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Figure 23: Total numbers of L. ashlatidi ( •) and D. thorata (o) found in yellow perch sampled on 10 August, with
least-squares regression line.
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Figure 24: Total numbers of L  ashlandi (•) and D. thorata (o) found in yellow perch sampled on 22 August, with
least-squares regression line.
CD
■D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8
( O '
3.
3"
CD
CD■D
O
Q .
C
a
o3
"O
o
CD
Q .
■D
CD
C/)
C/)
I<u
1800 -r 
1600 -  
1400 -  
1200
% 1000 -
?  800 +I
I  600 -  
z
400 
200 -  
0
o
o o o o 9
_p __________ —o — • —
o
'O '*.
o -9— 2-
o#
42 44 46 48 50 52 54 56
Total length (nun)
58 60 62 64 66
Figure 25: Total numbers of L  ashlandi (•) and D. thorata (o) found in yellow perch sampled on 31 August, with
least-squares regression line.
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Figure 26: Total numbers of L  ashlandi (•) and D. thorata (o) found in yellow perch sampled on 9
September, with least-squares regression line.
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Figure 27: Total numbers of L. ashlandi { • )  and D. thorata (o) found in yellow perch sampled on 25 September,
with least-squares regression line.
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Figure 28: Total numbers of L. ashlandi (•) and D. thorata (o) found in yellow perch sampled on 11 Octotier,
with least-squares regression line.
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Figure 29: Length-frequency histograms of redside shiners for all seine hauls in 1991. Distances between 
histograms reflect time between samples.
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Table 15: Total lengths (mm) of fish other than redside 
shiners or yellow perch captured in seine hauls in 1991. 
LW F = lake whitefish Coregonus clupeaformis. M W F = 
m ountain whitefish Prosopium williamsoni. NSQ = 
northern squawfish Ptychocheilus oregonensis.
Sampling date
22-Aug-91
Species LW F LW F M W F N SQ
278
lO-Aug-91
78 94 71
80 94 79
81 94 81
82 94 83
83 95 83
83 95 90
84 96 91
85 96
85 96
89 96
90 97
91 99
91 99
92 103
92 103
93 103
93 106
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